The transition to a circular economy requires actions and policies. In the praxis of governance, a common way to steer the transition to a different state proceeds through the setting of targets. Thus far, no study has investigated circular economy targets in a systematic way. To bridge this gap, this study examines which targets can facilitate the transition towards a circular economy. The analysis focuses both on existing and new targets; the latter complement existing targets which are limited to a few discrete cases addressing only partially the goal of a more circular economy. A framework based on 10 common circular economy strategies (i.e. recover, recycling, repurpose, remanufacture, refurbish, repair, re-use, reduce, rethink, refuse) is applied to scrutinise the selected targets. The study clarifies that existing targets for recovery and recycling do not necessarily promote a circular economy, though they are the most commonly applied targets so far. Because of lack of efficacy of recovery and recycling, targets should instead favour other more powerful circular economy strategies. In relation to these, the study looks into new and existing targets showing how they can reduce waste, increase efficiency, close production loops, and maximise retention of the economic value of materials and products. In particular, the study proposes an expanded set of brand new targets for the transition to a circular economy together with a fresh view on targets aimed at scholars and decision-makers alike.
Introduction
A circular economy (CE) can be defined as an economic model aimed at the efficient use of resources through waste minimisation, long-term value retention, reduction of primary resources, and closed loops of products, product parts, and materials within the boundaries of environmental protection and socioeconomic benefits. A CE has the potential to lead to sustainable development, while decoupling economic growth from the negative consequences of resource depletion and environmental degradation (Murray et al., 2017; Babbitt et al., 2018; Hofmann, 2019) .
Despite the relevance of CE in the current policy and economic debate, the concept of a CE remains open to interpretations (Ghisellini et al., 2016; Kalmykova et al., 2018; Laurenti et al., 2018; Reike et al., 2018) . Scholars have classified and synthesised scattered theoretical and empirical studies along various criteria: by origins, principles, and models/implementations (e.g. Ghisellini et al., 2016; Kirchherr et al., 2017; Kalmykova et al., 2018; Prieto-Sandoval et al., 2018; Homrich et al., 2018) ; by CE business models (e.g. Lewandowski, 2016; Nußholz, 2017; Lüdeke-Freund et al., 2019; Manninen et al., 2018; Hofmann, 2019) ; by drivers and barriers (e.g. Ranta et al., 2018; De Jesus and Mendonça, 2018; Sousa-Zomer et al., 2018) ; and by methods of implementation (e.g. Lieder and Rashid, 2016; Masi et al., 2017; Reike et al., 2018) . These meta-studies show that the governance of the transition to a CE is an emerging field of research, wherein governance can be defined as an ensemble of programmatic and decision-making activities guiding organisations towards desired aims and objectives.
This study focuses on targets because of their relevance in governance. Targets play a fundamental role in steering transitions from one state to another (Parris and Kates, 2003; Becker et al., 2013; Rotmans et al., 2001 ). An example is targets for the transition from a low to a high level of recycling in the economy. Thus far, no study has investigated CE targets in a broad and systematic way, at least in the literature available in English. Studies on CE targets predominantly focus on existing targets (i.e. those adopted by governments and organisations), look at specific solutions (e.g. targets on recovery materials), have a specific geographical focus (e.g. in countries or regions), and refer to sectors or industries (e.g. energy or waste management), often for comparative purposes (e.g. Bahn-Walkowiak and Steger, 2015; McDowall et al., 2017 ; see also Table 1 ). Furthermore, targets are rarely analysed from a governance perspective. Consequently, the role of targets in supporting the implementation of CE is here investigated by asking: which targets can facilitate a transition towards a CE, and how do these targets achieve this?
This question has three methodological implications for this study. First, the necessity of investigating not only existing CE targets but also possible or advisable targets -here called new targets. Existing targets are observable in the economy; in this study, they are analysed through a review of the academic and grey literature. Instead, new targets are not yet applied in the economy; they can be divided among those already proposed by scholars and experts (and thereby become available in the literature), or brand new ones, as I propose in the present study. New targets are needed because existing are limited to a few issues (e.g. recycling, efficiency improvement) and only cover limited arrays of CE solutions, such as recyclying or efficiency (Ranta et al., 2018; Bjørn et al., 2017; Milios, 2016) . However, CE goes beyond these solutions; it involves aspects like closed loops or value retention at higher levels (e.g. long-life, remanufacturing, etc.) , which should be considered in a systematic analysis. In this regard, new targets are developed taking into account needs and problems in the economy, and are elaborated for reaching the attention of scholars and decision-makers.
The second implication of the research question is the need to examine targets beyond specific solutions, economic sectors, or geographical characteristics. In this sense, this study examines targets in a holistic way (i.e. in overarching terms and in a broad economic context) for assessing the role of targets in the transition to a CE in general.
The third implication is considering targets from a governance viewpoint. CE targets can be examined from many angles such as resources, business models, sectors/industries, or CE strategies. To examine targets, this study adopts this last perspective because strategies can incorporate new and existing targets regardless economic compartments or geographical connotations. Moreover, in governance terms, strategies are paths through which organisations and economic systems can guide their transformations (Nelson, 1991; Lafferty and Meadowcroft, 2000; Voss et al., 2006) . Among the many CE-strategies frameworks, this study employs the framework devised by Potting et al. (2017) because it encompasses a comprehensive collection of strategies.
The remainder of the paper is structured as follows. Section 2 presents the background information on targets and the framework adopted for the analysis. Section 3 presents the methodology and Section 4 presents the results. Finally, Section 5 summarises the findings and proposes suggestions for research advancement and policy advice.
Background information on targets and strategies

Targets and CE targets
Although targets are omnipresent in governance, there are not many definitions of what constitutes a target. I have previously defined targets as meaningful reference values that express a desired operational policy outcome in a synthetic (often numerical) manner (Morseletto et al., 2017) . Targets differ from goals. Goals are open-ended statements of what to be accomplished with no or little reference to schedules and deadlines of completion (Wheelen and Hunger, 2004) . Goals tend to be broad, non-operational aims towards a desired condition, whereas targets denote operational outcomes that realise that condition. Targets play a pivotal role in governance because they provide specific direction and require a commitment to reach predetermined outcomes (Lester and Neuhoff, 2009; Boswell, 2015; Akenji et al., 2016) . In addition, targets are used to motivate actors to strive for results (Hood and Lodge, 2006) , and monitor advancements by providing guidance for measurement (Milios, 2016) .
Governance targets help actors move forward from an existing state, while promoting a pragmatic view on what to reach. Targets are popular because they are practical, measurable, and focused on delivery (see Bevan and Hood, 2006; Lester and Neuhoff, 2009 ). Furthermore, targets are valued for their ability to strongly affect efficiency, which is one of the ways they can help drive the CE (Milios, 2016; Akenji et al., 2016) .
There are many existing targets set by organisations to achieve a CE. These targets have been analysed in various studies, albeit rarely with a wide CE or governance perspective. Table 1 displays the main studies on CE targets (published in English) by area/object of target and context of application.
Table 1
Main studies on CE targets by main area/purpose of analysis (Bahn-Walkowiak and Steger, 2015; BioIS, 2013; Bjørn et al., 2017; De los Rios and Charnley, 2017; EEA, 2016; McDowall et al., 2017; Qi et al., 2016; Repo et al., 2018; Smol et al., 2015; Sakai et al., 2011; Su et al., 2013) . Table 1 , which are also the most commonly applied targets in the economic systems. These targets can be grouped into five main areas of application: efficiency, recycle, recovery, reduction and design. In the contingent world of governance, these areas are not distinct. Overlaps occur because of their high level of interconnections, for instance, waste reduction targets can relate to material efficiency while design can have consequences for all other areas. In a heuristic spirit, this aspect is conveyed in the figure by the overlaps among the cycles that represent the areas of application of targets. Fig. 1 and Table 1 highlight the observation that currently existing targets are concentrated in a few areas, notably, recycling, recovery, and resource efficiency. Nonetheless, a CE encompasses a wider range of strategies than recycling and recovery (e.g. reusing or refurbishing) and more possible solutions beyond efficiency (e.g. Product-Service Systems -PSS) (see Reike et al., 2018; Tukker, 2015) . The narrowness of the existing targets implies that new targets are urgently required to better reflect the multifaceted reality of a CE. This suggests a differentiated approach to the analysis of existing and new targets. Existing targets can be scrutinised by examining the grey and academic literature in relation to targets and CE. Instead, new targets can be divided among those already proposed but not yet implemented (i.e. advanced by scholars and experts), and brand new ones as I propose in the present study. These targets are required to fully strengthen a CE. Proposed targets can be analysed but also re-elaborated or expanded if required; brand new targets can augment existing ones, and need to be developed by assessing the needs, benefits, problems and possible solutions of any economy striving to be circular.
CE strategies and the framework of analysis
CE targets can be examined in different ways, including the following: economic sectors, business models, material flows, (e.g. inputoutput across sectors), material categories (e.g. biotic materials, nonmetallic minerals), typology of targets (e.g. threshold, intensity, reduction targets), long-term CE goals/outcomes (e.g. value retention, waste elimination), lifecycle areas (e.g. eco-design, material inputs), CE metrics/indicators (e.g. material flow accounting, resource duration), and CE strategies (e.g. the 3Rs: Reduce/Reuse/Recycle). From a governance perspective, this last approach is appropriate for conducting a thorough analysis of targets for several reasons. First, strategies are bundles of actions aimed at implementing CE solutions in economic systems. Second, being cross-sectoral, and involving all actors and products, strategies capture the multifaceted aspects of a CE at the macro, meso, and micro levels (i.e. global and national levels, regional and industrial parks levels, and consumers and corporations levels respectively - Zhu et al., 2010; Ghisellini et al., 2016; Kirchherr et al., 2017; Kalmykova et al., 2018) . Third, multiple strategies apply targets in different governance contexts and conditions; this aspect enables verification of the transformative nature of targets in policy and organisational praxis (Tuominen and Himanen, 2007; Akenji et al., 2016) .
Various studies identified CE strategies and provided useful schemes and visualisations (e.g. King et al., 2006; Jawahir and Dillon, 2007; Allwood et al., 2011; EMF, 2013; Bakker et al., 2014; Sihvonen and Ritola, 2015; Willskytt et al., 2016; Reike et al., 2018) . To analyse CE targets, this study adopts the framework presented by Potting et al. (2017) because it contains a well-defined, almost complete set of 10 existing CE strategies. Other frameworks contain similar sets of strategies (i.e. Reike et al., 2018; Allwood et al., 2011; Bakker et al., 2014) . In particular, the framework of Reike et al. (2018) selected identical strategies as Potting et al., with the exception of 'Re-mine' (i.e. retrieval of materials after the landfilling), instead of Rethink as used by Potting et al. (R1 in Fig. 1 ). Rethink seems a more relevant strategy in terms of CE (see 4.3.1) while 'Re-mine' is unusual and has been seldom applied or studied (see Reike et al., 2018; Haas et al., 2015) . The other frameworks focus on material efficiency or life extension through design (specifically of laptops and refrigerators) (Bakker et al., 2014) . Potting and et al.' s framework refers to products, therefore excluding materials and compounds or social aspect of CE. Nonetheless, products cover a good deal of an economy and many of the strategies can refer to materials and compounds as well (e.g. from dismissed products).
Finally, the framework by Potting et al. orders the strategies in terms of increasingly power to achieve circularity (increasing from high to low number i.e. from R9 to R0). The authors are cautious on this point and propose the hierarchy as a 'rule of thumb' because the order is not always consistent. This underlines the existence of exceptions and secondary or rebound effects, which means that the R-order is not appropriate for certain products and under certain conditions. For these reasons, the hierarchy among strategies has to be taken cum grano salis (i.e. with wisdom, according to the original meaning of the expression by Pliny the Elder), but still can provide a useful orientation when examining CE strategies.
In this study, the framework by Potting et al. is used to identify and systematise CE targets according to each strategy. I show how foundational CE elements such as closed loops, value retention and waste minimisation can be realized when the targets are appropriately designed.
Material and methods
No previous studies have examined CE targets systematically andin particular -from a governance perspective. The first step of this research is to review the literature discussing targets and strategies to obtain an overview of existing and new targets.
The data were collected at the end of 2017 and in 2018, primarily by searching Google, Google Scholar, and Scopus databases for a combination of 'circular economy' and each of 'target/targets' and 'solutions' keywords. 'Zero waste' was also searched in combination with 'targets', having found evidence of an interaction of the two terms. The search was repeated for all possible strategies (e.g. recycle/recycling, reuse, etc.).
Because 'target' and 'strategy' are specific words in the governance lexicon and common words with multiple nuances in the English language, the preliminary results needed to do be distilled through an attentive reading of the text. The search resulted in a collection of 59 academic and 13 non-academic works (policy documents, research institute reports, etc.) in which targets were purposefully mentioned or discussed.
Next, 10 CE strategies that are or could be associated with targets were searched using Google, Google Scholar, and Scopus databases. This provided secondary data on strategies and, specifically, on targets that potentially address the qualitative and quantitative aspects of each strategy. Previous research and other material on targets collected by P. Morseletto Resources, Conservation & Recycling 153 (2020) 104553 the author complemented the analysis; this allowed the elaboration of brand new targets on the basis of the information on different CE strategies confronted with the aims and objectives of CE and current problems in the economy. A keywords search inevitably delineates the boundaries of an investigation. As Kalmykova et al. (2018) underline, terminologies such as 'closed-loop economy' or 'green supply chain management', 'cradle to cradle', and 'industrial symbiosis' all describe concepts that overlap with CE; not searching specifically for these terms in the main data collection phase is a limitation of this study. To compensate for this limitation, a 25 snowball sampling was used to expand the list of documents for the analysis. The data was organized according to the framework by Potting et al., in which the 10R are structured into three groups: a) useful application of materials; b) extend lifespan of products and their parts; and c) smarter product manufacturing and use (see Fig. 2 ).
In the following section, each group is analysed in separate subsections and targets are scrutinised in relation to every strategy. Strategies are explained starting with the original definition by Potting et al. (see Fig. 2 ). Owing to the numerous definitions of the Rs that exist within the discipline (see e.g. Reike et al., 2018) -where requiredsupplementary meanings are provided. In contrast to the original scheme by Potting et al., the analysis follows the reverse R numbering (i.e. strategies from a low to a high level of circularity). This allows the initial analysis of most diffused targets, while better emphasising the connections between strategies and targets.
Results and discussion
This section considers the three groups of targets in the framework: useful application of materials, extend lifespan of products and their parts, and smarter product manufacturing and use. Each group is presented in distinct subsections. These scrutinise the R-strategies that belong to each group following this scheme: first, the subsection provides a short description of a strategy; then, the subsection analyses the related targets. A brief presentation introduces each group.
Useful application of materials (R9-R8)
This group of strategies (Recovery and Recycle) relates to solid waste otherwise destined for landfill, or burned without heat recovery.
Waste is composed of organic and inorganic materials, which are also classified as biological and technical nutrients (EMF, 2013) . From processing nutrients, R9-R8 strategies obtain energy (R9-Recovery) or materials (R8-Recycle). Nonetheless, energy and conversion yields rates can vary enormously according to material type and processing (BIS, 2013; EPRS, 2017) ; for R9-R8, yield rates are often extremely low, treatment expensive, and products' integrity destroyed. Moreover, governing waste relates to end-of-life products, and R9-R8 strategies have relatively little influence on the system of production and consumption (Potting et al., 2017) . Despite this, R9-R8 is where most circular policies (and targets) are currently concentrated (Ghisellini et al., 2016; EPRS, 2017) . Potting et al. (2017) defines Recovery as incineration of material with energy recovery. More broadly, Recovery refers to waste that is not recycled, but that is used as a source of energy or valuable biochemical compounds. Recovery includes several conversion processes mainly related to organic waste (see Demirbas, 2009 ). Following Potting et al., this study looks at incineration, which is the most diffused form of recovery for size and source range (Astrup et al., 2015) .
Aside from energy recovery, the positive aspect of incineration is its complementarity to recycling, which is not always possible (see, R8 below). The downside is that incineration destroys materials/products forever (except for carbon and low-bottom ashes, which are barely usable) and encourages material wastefulness (Clark et al., 2016) . Incineration requires cheap and abundant waste to ensure the return of investment of its facilities, which means that it competes for resources P. Morseletto Resources, Conservation & Recycling 153 (2020) 104553 with other R strategies.
Analysis.
A few countries have established targets to reduce municipal solid waste (MSW) through incineration -e.g., China -or targets to reduce incineration -e.g., Denmark in the 90s (Lauber and Ingram, 2000) . However, a perfectly circular economy should tend to zero incineration. Strict interpretations of 'zero-waste' -a whole-system approach to reduce waste -preclude waste-to-energy (WTE) practices (Zaman, 2015) . In a perfect system, waste does not exist. Zero percent is only an ideal, asymptotic value; even zero-waste approaches recognise that there is a percentage (up to 10%) of discards made of mixed materials, which are non-recyclable/non-compostable/non-reusable (ZeroWin, 2010) . Most life-cycle-assessment (LCA) studies show that WTE is preferable to landfilling (Astrup et al., 2015) . Thus, a feasible target-range for waste-to-incineration might be between zero and 10% with a preference for lower values. In addition, further sets of targets can be devised as incentives to reduce incineration overcapacity (e.g. those on waste transport/importing) or to penalize it, thereby removing incineration as competition for resources for other R strategies. However, incineration targets should be defined at the lowest unavoidable/physiological level of waste, which is waste not otherwise usable in other CE strategies. Under these terms, incineration can contribute positively to the transition to a CE.
Recycling is the processing of materials to obtain the same (high-grade), or lower (low-grade), quality of recycled materials. Recycle extracts materials (called secondary materials) from discarded material/products (Worrell and Reuter, 2014) . Secondary materials may be subjected to upcycling, a process that converts them into materials of higher quality and equal/increased functionality (as in the case of bio-refined extract), or, in the opposite direction, to downcycling (as it is for most materials). Intuitively, upcycling should be the preferable solution because of its higher value and quality; however, upcycling is not often possible. Different considerations are necessary for closed-loop/open-loop recycling that is when recycling occurs within the same (closed) or a different (open) product system. Closed-loop recycling takes place when a "secondary good is shunted back to an earlier process in the same system where it directly replaces ("supersedes") input from primary production of the same e.g. material" (ILCD, 2010, 346) . Instead, open-loop recycling occurs "where at least a share of the secondary good is used in different systems (ILCD, 2010, 346) . Adopting these definitions, closed-loop solutions should be privileged (then object of a target) over open-loops ones because transport and third-party collection is avoided (and if the production process can handle the recycled input without extra use of e.g. energy or additives). However, Geyer et al. (2016) prove that closed-loop recycling is not necessarily better than open-loop recycling (see also . In fact, recycling depends on many factors, including uses, prices, type/properties of materials, displacements, and losses/impurities connected with recycling (see Geyer et al., 2016; Niero and Olsen, 2016) . A better principle for guiding recycling targets is the potential for environmental impact reduction (see Geyer et al., 2016) . Following this principle, targets need to be specifically defined for different products/materials/ industries.
In CE governance, Recycle is the first area of development for targets in different parts of the world (Turner and Pierce, 1994) . However, Recycle is energy intensive, and not free from environmental impact. It requires transportation, as well as physical, chemical, and/or mechanical treatments (Cullen, 2017; Jensen et al., 2011) . Above all, recycling destroys a product's integrity and market value, degrades the quality of materials, and does not lead to substantial changes in the designing/making of products (Allwood, 2014) . Additionally, as anticipated, Recycle is not always feasible or convenient. For instance, composite materials are difficult and/or expensive to be recycled, metals are susceptible to corrosion, polymers can be recycled seven to nine times, and cellulose fibers four to six times Allwood et al., 2012; Blichert-Toft, 2017) . Even recycling glass (theoretically, endlessly recyclable) can be impractical or expensive when waste glass is broken, contaminated, or different in colours (Jani and Hogland, 2014) .
Although less attractive than other superior strategies (i.e. R > 8), Recycle remains the most prominent strategy worldwide (Potting et al., 2017a; Bahn-Walkowiak and Steger, 2015; Milios, 2018) . For example, the EU defined a target for recycling 65% of MSW by 2030 (EC, 2015) , similar to a previous construction/demolition-waste target (EC, 2008) . China, Korea and Japan have variable targets (from 80% to 95%) for recycling automotive products (Wang and Chen, 2013) . Volume-based targets of these kinds can have the positive effect of diverting waste streams away from incineration and landfill. Conversely, they can encourage low-quality recycling, because yield rates are typically higher, owing to a higher tolerance of impurities or contaminants (Allwood et al., 2012; Pacheco-Torgal, 2013) . These targets reflect a culture oriented towards waste management and "are not oriented towards the societal change necessary to move towards circular economy" (Haupt and Zschokke, 2017, 836) .
For an easier transition to a CE, however, targets should initially be aimed at improving environmental performance (see Geyer et al., 2016; Haupt and Zschokke, 2017; . They should encourage high-quality recycling, with materials easily recyclable, preferably using a closed-loop recycling approach within the same industry or within the same product and/or usage categories. Targets for Recycle should be incorporated in the initial conception and design of products (see R0-R2). Instead of defining targets on Recycle, an opposing view is to include targets for recycled content in products. Interestingly, the association Carpet Recycling UK defines targets on landfill diversion, thus promoting closed-loop recycling, together with the Reuse, Repurpose and Rethinking strategies (Bird, 2014) . In the same vein, from a governance perspective, targets for Recycle can better contribute to the transition to a CE if they are devised to encourage inherent selfdestruction in the design of products. This will reduce recycling in favour of superior circular strategies, (i.e. R0-R7). For these reasons, I proffer the terms 'antithetic targets' and 'antagonist targets' combining high-quality recycling targets with ambitious targets for waste reduction (in absolute terms, and for waste to be recycled). In addition, CE (as the zero-waste approach) is based on the concept of designing-out waste (Murray et al., 2017) . At the industrial level, waste should be eliminated at the source, or be directly recycled on-site, as much as possible (Zaman, 2015) . Under these terms, antithetic and antagonist targets for Recycle would be more beneficial for a CE and social/economic/environmental factors than existing targets.
Extend lifespan of products and its parts (R3-R7)
This group (Reuse/Repair/Refurbish/Remanufacture/Repurpose) devises strategies to retain finished goods and their parts in the economy for longer, while maintaining or improving their value. To work, R3-R7 strategies require market receptivity, well-functioning reverse logistics, profitability for the parties involved, and the deployment of these strategies by varying business models. Products related to R3-R7 are stochastically uncertain in terms of their quantity/quality conditions (Guide, 2000) . For CE governance, this poses challenges in innovation and requires adjustments to the revenue models and socioeconomic patterns. When defining targets, these elements need to be considered together, with caveats against R3-R7. For example, prolonging the lifespan of product in certain cases can slow down innovation or prevent the development of new/evolved products that are more environmentally friendly (see Bressanelli et al., 2018) . In other cases, regulations can impede R3-R7, imposing a phase-out of products or higher standards (e.g. for safety, energy efficiency).
4.2.1. Repurpose (R7) 4.2.1.1. Description. Repurpose -also referred to as recontextualisingis the use of discarded products or their parts in the formation of a new product with a different function. It is also denotes the reusing a product for an alternative purpose. This is called open-loop reuse (Willskytt et al., 2016) . In Repurpose, original products/parts acquire different identities and functions; thus, Repurpose differs from the other strategies in the group (R3-R6).
Analysis.
It is difficult to define targets for Repurpose, for the following reasons: 1) many parts can be repurposed in a wide variety of separate products; 2) not many products can be repurposed, with this often depending on the creativity of the 'repurposer'; 3) the 'repurposer' is not connected to the originator of the product/components; 4) the scale of production is small, often artisan; and 5) the traceability of products/components can be lost. Consequently, targets should be considered as a residual complement to the other R3-R6 targets, for products or their parts that cannot be re-manufactured/refurbished/ repaired/re-used. These targets would work only on the small proportion of products that can be repurposed.
Buildings represent a separate case (see Leising et al., 2018) . The socalled repurposed-architecture/adaptive-building-reuse can be considered a Repurpose strategy if, for instance, the transformation from home to office is considered a different function for the building. Nonetheless, defining targets for building-repurpose might not be realistic, because decisions to repurpose depend on many factors, such as costs, permissions, city planning, and so on.
Remanufacture (R6), Refurbish (R5), Repair (R4)
This subsection considers Remanufacture, Refurbish, and Repair together as they occur within the boundaries encompassing a producer and its affiliated companies (e.g. contracted or licensed third parties) or within the boundary of private consumers. A product can be remanufactured, refurbished, or repaired, but cannot be subject to these treatments simultaneously. Furthermore, R4-R6 all aim at reversing/ postponing obsolescence.
Description.
Remanufacture -also called second-life production -implies using parts of discarded products in a new product with the same function. A remanufactured product should have the quality of a brand new one even when retrieving/reclaiming components from other products (used as spare parts) (see Reike et al., 2018 for details). Traditionally, Remanufacture -also named rebuilt/ remould/rewound -is industry specific and involves durable assemblies (Charter and Gray, 2007) .
Refurbish, or its equivalent reconditioning, means restoring an old product and bringing it up to date. Refurbishing is about upgrading/ modernising the function of a product. Typically, it does not involve disassembly but the replacement of parts; for this reason, it is also called "light" remanufacturing (Ferguson and Souza, 2010) . In general, refurbished products are upgraded and brought back to specified quality standards or satisfactory working and/or cosmetic conditions (Jayaraman, 2006; den Hollander et al., 2017d) .
Repair is defined by Potting et al. (2017) as repair and maintenance of defective product so it can be used with its original function. Repair is also making a broken product operational again through fixing/replacing failed parts (Jayaraman, 2006; Charter and Gray, 2007) . Repair is a common practice if the owner decides reparation whether a product is under guarantee or not. Corrective maintenance is usually equated with Repair (den Hollander et al., 2017d) .
In the framework adopted in this study, maintenance (i.e. keeping a product in good working condition for durability/serviceability) is not a CE strategy as instead considered elsewhere (e.g. EMF, 2013). Maintenance is a sophisticated activity that takes different forms (e.g. preventive, predictive, preventive, etc.) (Mobley, 2002) , Maintenance can require R6-R4 Remanufacture-Refurbish-Repair, to which it could be considered connected or contiguous. In fact, maintenance can include repair, replacement, adjustment, lubrication, and/or modification activities (Parida and Kumar, 2006; Willskytt et al., 2016) . For aircrafts or heavy machinery, so-called Maintenance-Repair-Overhaul (MRO) services are common, underlining the interconnection between maintenance and Repair (see Romero and Vieira, 2014) . For simplicity and congruence with the 10R framework adopted, this paper interprets maintenance as a form of soft Repair. Instead, Updating or Upgrading can be considered life extension strategies, but also remedial actions in the forms of Refurbish/Remanufacture.
Analysis.
In the world economy, targets for R6-R4 are rare. For example, there are no specific targets at the country level (see Karvonen et al., 2017; Wang and Chen, 2013; Bahn-Walkowiak and Steger, 2015) , while at the corporate level, there are only a handful of cases of targets, mainly connected to cost and emission reduction or energy efficiency (Sihvonen and Partanen, 2017) . For example, a company can have Repair targets connected to reducing transport costs.
Defining specific targets for strategies that keep an original product functioning is not straightforward. A possible target for extending lifespan might be -as discussed in the European context (EESC, 2013)a total ban on planned obsolescence (i.e. the deliberate decision by producers that a product no longer works or is desirable after a predetermined period -Cooper, 2010). However, demonstrating planned obsolescence is complicated, and sometimes difficult to detect. Planned obsolescence occasionally emerges unpredictably, such as in the commercial practice of mobile phone replacements according to contracted periodicity (Wieser, 2016) . This encourages high replacement ratesinduced and integrated in a look-alike circular strategy -providing that a target on planned obsolescence can be easily bypassed unless well framed and fine-tuned.
An ideal target for life extension strategies should be aimed at using products for their (entire) technical life (i.e. the physical capacity of a product to function), or bringing service life closer to technical life. However, temporal targets remain difficult to set. Accurate data on product lifespans are complex to obtain (Cooper, 2010) . Moreover, lifespan varies according to contextual factors (e.g. typology of use/ product), users' expectations/requirements, evolution rate (i.e. upgradability, technological changes, legislative restrictions), and product performance in time (Wieser, 2016; Bakker et al., 2014) .
From a different viewpoint, the warranty for purchased goods works towards serviceability; in these terms, it might be equated to a temporal target set at the very minimum level. In contrast, lifetime or long-term maintenance contracts could represent the signal of maximum durability. Conceptually, a target closer to a lifetime-warranty time limit would better represent the objective of desired life extensions. Longer mandatory-guarantees might be the object of a target for encouraging the production of more durable products. This might facilitate defining reliability targets for products (because companies should be interested in minimising returns/complaints), while setting ambitious Repair targets. In these terms, targets of this kind could greatly favour the transition to a CE.
Targets on loop-efficiency (i.e. targets quantifying the degree at which materials are efficiently preserved in the system) also require considering time as a reference. Instead, targets to reverse or at least postpone obsolescence could be reached using different measures that facilitate not only Repair/Refurbish/Remanufacture, but also Maintenance/Updating/Upgrading. Primarily, these measures are linked to a) costs/availability, b) design, and c) culture, which all have implications in the transition to a CE.
Measures on costs/availability can imply having, for example, targets on costs of spare parts. Often, spare parts are unavailable or prohibitively costly, while fixing products can be expensive in comparison owing to technical difficulties and associated time/labour. In addition, reparability can be limited by the absence of repair information, incompatibilities between spare parts, or difficulties in disassembly (Milios, 2016) . Eliminating these bottlenecks might be the object of targets to make the economy more circular. The structure of costs depends on many social and economic factors; however, costs are not rigid, and there are several instruments (e.g. incentives/deterrents, allowances), which can rectify unbalances and disadvantages (Vedung, 2010) . The same instruments can promote improvements in organisation, engineering, supply-chain, and business processes, which can reduce costs (Bressanelli et al., 2018) . The outcomes of engineering, organisation, and business processes can be measured, therefore the object of specific targets. For instance, IT innovations in reverse logistics can drastically reduce time and procedural costs of returning products.
The second set of measures relates to design. There are designs for longevity, reliability, durability, and disassembly (Cooper, 2005; Vezzoli and Manzini, 2008; Cooper, 2010) . These favour the extension of products' lifetimes and facilitate the transition to a CE. Other solutions deriving from design (e.g. modularity/standardisation/interchangeability in parts, simplification of products, repair-friendly features -see Lund, 1998; Vezzoli and Manzini, 2008) can get similar effects. These solutions can also contrasts different forms of obsolescence (aesthetic, social, technological, economical i.e. when products have become respectively outmoded, outlawed, outdated, and too costly - Burns, 2010) . Therefore, products can have long lifecycles, high utilisation, and multiple uses. A preliminary analysis can be anticipated here, although design precedes production, thus ideally belonging to Rethink/Reduce/Refuse (see R0-R2 below). It is possible to establish targets for different types of design (for longevity, reliability, durability, and disassembly) according to quality protocols and certifications, physical parameters (e.g. stress test), simplicity (assembly/disassembly/repair), and compatibility (for spare parts). Defining protocols and compliance systems can require a long time to be defined, and accepted by corporations and consumers. A gradual approach in using targets is advisable to allow companies adapting, supporting CE design, and evolve business models (Despeisse et al., 2017; Santini et al., 2010; Lewandowski, 2016) . However, as Tecchio et al. (2017) evidence, ecodesign requires metrics and resource-efficiency standards that are missing. These would facilitate the definition of related (and shared) resource-efficiency targets, which could be beneficial in relation to CE.
The third set of measures relates to culture. Shorter innovation cycles, and increasing product complexity tend to rapidly decrease the value of products, therefore favouring a throwaway/fast-consumption mentality (Burns, 2010; EPRS, 2017) . In the first place, consumers are not concerned about a product's lifespan (Cooper, 2010) . A cultural change is required on both the supply and demand sides (see Laurenti et al., 2018) . CE governance entails radical recasting of the consumption and production systems (Gregson et al., 2015) and targets for cultural attitudes makes little sense. Desirable behaviours can be encouraged in different ways, such as introducing durability criteria, extending warranty time, enforcing the producers' responsibility, or abolishing (i.e. zero target) disposable products whenever possible. On this, specific targets can be applied also in conjunction with marketbased (e.g. taxes, liabilities), and non-market-based instruments (e.g. reporting, voluntary approaches), or by legislative (e.g. laws, regulations) and semi-legislative (e.g. standards guidance, recommendations).
It is important to underline that setting targets requires the consideration of the socioeconomic context to which a culture is linked. Otherwise, targets are likely to be ineffective. Moreover, target setting needs to avoid rebound effects. For example, Zink and Geyer (2017) demonstrate the importance of supply/demand responses of price to an increased supply of repaired/refurbished goods, the pricing response of sellers to lowered demand attributed to reused goods, and buyers' willingness to substitute between new and secondary good. These factors are difficult to predict; nevertheless, targets can aim at correcting the rebound effects. 4.2.3. Reuse (R3) 4.2.3.1. Description. Reuse can be defined as the second or further use (by another user/owner) of a product that is still in good condition and manages to fulfil its original function. A reused product retains its function and identity (Jayaraman, 2006) . Although Reuse is a common practice across the world, targets on Reuse are scarce (Sihvonen and Partanen, 2017) . Example of this kind are: targets on reuse and part recovery in the EU Directive on end-of-life vehicles (Wang and Chen, 2013) ; targets on waste-management/reuse as defined by the EU Waste Framework Directive (Hogg et al., 2014) , or Spain for furniture, textiles and electrical items (McDowall, 2016 , quoted in Chapman, 2017 . The scarcity of targets on Reuse may reflect a culture attentive to the production of new goods, but it can also due to the difficulties in framing the problem.
There are different types of Reuse (e.g. relocation, resale -see Cooper and Gutowski, 2017; Allwood et al., 2011; Reike et al., 2018) ; however, for defining CE targets, it is useful to distinguish between products that change ownership and products that retain their ownership, but have different users.
The first category relates to relocated (gifted, discarded) or (re)sold products. In this case, Reuse depends on the predisposition of individuals to use second-hand products, and the existence of secondhand markets (Allwood, 2014; Singh and Ordonez, 2016) . There are several marketplaces (pawn, charity, second-hand shops, e-commerce platforms) for a vast variety of goods. Should targets for Reuse align with the diffusion and efficiency of these marketplaces, then a target might be lower transaction costs (particularly relevant for low-value goods). This can be linked to an expected percentage increase of reused products, which can be monitored through sales in different marketplaces.
The second macro category includes hired/shared/refunded-deposit products. Product service systems (PSS) (i.e. the mix of products and services that business offers to clients, see Tukker, 2015) belong to this category. Here, products are generally owned by a subject that contracts them to different users. Targets can aim to increase the number of products falling into the PSS category using incentives/favourable taxation while avoiding perverse rebound effects (e.g. those in the mobile phones in subsection 4.2.2; see also Zink and Geyer, 2017) . The shifting from ownership to access alters the entire business process and supply chain and may have significant implications for the transition to a CE.
A special target can be devised for primary packaging (e.g. even a radical zero-dismiss target) and the reuse of certain secondary packaging. However, this would require major modifications to the conception of products and logistics (see R1-Rethink below).
Targets should also increase modularity and standardisation to increase Reuse (e.g. pallets, containers, rail tracks, but also equipment). This is strongly related to design (of products and related products/ facilities). For example, in Sweden and Denmark, beer manufacturers have agreed on a standard glass container to facilitate the sorting and collection of discarded bottles (ADEME, 2009). These are more robust and designed for reuse. In addition to modularity/standardisation, if a product changes over time, a target for designers might be (predictive) efficiency improvements (see Cooper and Gutowski, 2017) . However, this type of targets is industry specific.
As mentioned previously, an alternative target could be related to the reduction/elimination of disposable products, which represent the antithesis of Reuse.
Reuse should include 'parts harvesting', which is the practice of recovering selected from discarded products to be reused (Ferguson and Souza, 2010) . In general, spare parts suit R4-R6 strategies. Some of these can be the object of specific targets. Allwood et al. (2011) argue that steel used in construction (structural sections, reinforcing bars, and sheet steel for cladding and 'purlins') can be reused by 40%. This could be a feasible industry target; it could also be a paradigmatic target for other products/industries. It is relevant emphasising that, to facilitate the reuse of parts, products need to a) be built with disassembly in mind, b) expressly allow disassembly, c) reduce disassembly time (disassembly is an expensive and labour-intensive operation). This is particularly important in a CE perspective.
Reuse can also be associated with Repair/Maintenance in a way to perpetuate the purpose of a product, which means keeping a product within 'inner cycles' (EMF, 2013) . Targets on inner cycles can be obtained for specific categories of products. For example, pallets or containers are always reused, regardless of the goods they carry. Again, Reuse should prevent fast consumption of products (e.g. mobile phones) to be reused (e.g. in less developed countries), thus avoiding the richpoor dualism, with both sides equally eager for new/reused products.
Smarter product use and manufacture (R0-R2)
This group encompasses Refuse, Rethink, and Reduce, which take place when products are conceived, designed, and developed. These strategies are precursory, enabling, and transformative. Precursory, because they occur before other CE strategies. Enabling, because they favour all other strategies. Transformative, because they can make the economic system a truly circular one if applied extensively. Accordingly, R0-R2 can lead the transition to a CE before production takes place.
R0-R2 are closely connected to design. Design was previously mentioned as an ex ante activity that can enhances for example, to reuse or disassembly of a product. A broad definition of design can refer to designing production processes, logistics systems, patterns of consumption and lifestyles as well (Jayaraman, 2006; Despeisse et al., 2017) . In other words, design can relate to any situation that relies on schemes, connections, or sequences. In the same way, Rethink -i.e. proposing new ideas and solutions to provide certain product functions -can embrace the reframing and regenerating of potentially every aspect of CE systems. By adopting such a wide definition of Rethink, design can be traced back to this strategy, as can (potentially) Refuse and Reduce. To do so, the analysis of the strategies and targets starts with Rethink. 4.3.1. Rethink (R1) 4.3.1.1. Description. According to Potting et al. (2017) , Rethink refers to making a product use-intensive (e.g. through sharing products or by putting multi-functional products on market). However, Rethink has a wider connotation, because it includes the re-elaboration/reconceptualisation of ideas, dynamics, processes, concepts, uses, and post uses of a product (e.g. Clift and Allwood, 2011; Andrews, 2015; Kristensen et al., 2016; Linder, 2017) . This allows including dematerialisation (i.e. the substitution of a product by a nonmaterial alternative with the same utility for users), which is an integral part of CE (Andrews, 2015; Allwood et al., 2011; Milios, 2016) .
Rethink may always have characterised CE, because to make something more circular requires rethinking it, to some extents.
Analysis.
In the economy, there are no targets for Rethink; however, many targets are possible. For the sake of conciseness', three main categories of targets are presented: 1) circularity; 2) constitutive elements of CE; and 3) enforcing/making possible other CE strategies.
Targets for Rethink should consider an overall target for CE in relation to the level of circularity as defined by several scholars (see Elia et al., 2017 for a review) . For instance, Haas et al. (2015) , using material flows as a proxy, calculate that only 7% of all materials entering the global economy are in closed loops. Multiple targets for rethinking materials/products can be devised at the corporate/sector/regional/ national scales. These targets can set ambitious levels of circularity (also using different metrics, e.g. Linder et al., 2017; Mayer et al., 2019) for products and materials (and to favour the other R strategies). In addition, an overall/aggregate target on circularity (e.g. a percentage of the economy to be circular) could have a mobilising role in society.
Similarly, Rethinking can point to the constitutive elements of CE. There could be percentage targets on the employment of virgin and/or recycled materials, or on the number of recycling loops with an optimum performance and lifespan (Clark et al., 2016) . In the same vein, there could be targets for zero waste or the totality of by-products being reused/recycled. Targets should include an explicitly environmental component, such as the reduction of emissions, toxicity, or negative environmental impacts among others (Allwood et al., 2012; EMF, 2013; Leslie et al., 2016) . In addition, targets for closed loops in operations, according to product typologies or sectors, could increase the level of circularity in the system.
In relation to enforcing/making possible other R strategies, a first set of targets should focus on design and engineering, which can facilitate other CE strategies. For example, in specific commodity-related categories, there can be a percentage of new products that can be easily (and cheaply) disassembled, repaired, or upgraded. As mentioned earlier, this requires protocols and compliance systems. Other targets can be devised for reusing transit and secondary packaging or for refilling primary ones. Such targets cover not only redesigning packages, but can also require the reorganisation of several logistics operations (possibly including the entire business model). Furthermore, targets can be devised for designing products that ease Repair, including arranging support within an efficient supply chain. Finally, targets can provide new benefits to products and services, predisposing them to different CE strategies (e.g. Reuse, sharing, PSS, multiple uses). Here, targets can incentivise intensity of use or the more efficient use of products. For example, a 20% intensity of use of a product like a lawn mower (a product used sporadically, for a short time but own by many) could favour new business models or organisational patterns.
These few examples of targets show how Rethink lies at the nexus of future CE developments and represent the most relevant strategy for promoting a transition to truly CE.
Refuse (R0)
4.3.2.1. Description. Refuse refers to making a product redundant by abandoning its function or offering the same function with a radically different product. Refuse can also extend to the use of certain materials or production processes to make the economy more circular.
Analysis.
Countries have different phase-out targets, for instance, on plastic bags (Lewis et al., 2010) or incandescent lamps (Waide, 2010) . Similar targets can be devised for single-use products, disposable straws, useless secondary packages, or even for some products that can be substituted by nonmaterial ones (e.g. digital). These targets are product-specific and need to be defined, negotiated, and decided on a product-by-product/category-by-category basis. Conversely, targets on materials relate to any product using certain material that has to be refused (e.g. virgin materials) to impose it Recycle or Reuse. For the same reason, a ban might be possible on specific materials in relation to products for instance, plastic for packaging. Furthermore, a production process can be refused when closed loops that are environmentally beneficial are impossible or difficult to obtain. An ideal target could be refusing all open-loop processes that are detrimental to the environment (see Geyer et al., 2016; for a thorough analysis). However, a more practical solution is to define targets that minimise such processes (which technically, is Reduce). Note that having a target on Reduce can correspond to having a target on Rethink.
Reduce (R2)
4.3.3.1. Description. Reduce implies using fewer natural resources, and therefore fewer inputs of energy, raw materials, and waste. This definition can be extended to reducing of the number of products, tout court (see Reike et al., 2018) , such as decreasing the number of owned cars in a way to incentivise Reuse. In these terms, Reduce can be linked to Reuse. To some extent, Reduce can be also interpreted as a less drastic form of Refuse.
Analysis. Targets for Reduce can also mirror targets for
Rethink because -as Reike et al. (2018) underline -Reduce is linked to the Concept/Design (using less material per unit of production), or to P. Morseletto Resources, Conservation & Recycling 153 (2020) 104553 'dematerialization' (see also Lieder and Rashid, 2016; Sihvonen and Ritola, 2015; Worrell and Reuter, 2014) . There do exist efficiency targets that address Reduce, but they focus on reducing resources. For example, in the EU, there are reduction targets for water extraction and targets addressing material inputs in Italy, Austria, Sweden, Switzerland, and Hungary (Bahn-Walkowiak and Steger, 2015) . Similarly to countries, several companies have adopted waste and resources reduction targets. Although these targets allow meeting wider environmental objectives, they are not necessarily entrenched within a CE perspective. For the transition to a CE, Reduce targets should embrace every aspect of production and consumption. A few examples of possible targets are presented here. Akenji et al. (2016) note that most estimations show the need to reduce the global material footprints by as much as 80% before the middle of this century. Therefore, Reduce targets need to be devised in association with a lightweight design. This can be defined as a conceptual approach aimed at using a minimal quantity of materials while retaining the aesthetical or practical function of an object. Historically, lightweight design was employed in construction (possibly, since the conception of the Pantheon in Rome) and engineering (e.g. the aerospace industry - Otto, 2005) , but can be applied to any product. Lightweight-design targets can be defined for weight reduction (e.g. as a percentage) or the reduction of a certain material making up a product. However, these targets have to agree with targets for durability.
A special set of Reduce targets should tackle scrap that represents a less-known side of production. For example, Allwood (2014) shows that approximately 25% of all steel and 50% aluminium annually made are converted into scrap. Scrap exists in most industry and conversion rates of purchased materials into scrap could be minimised through employing bold targets with consequent material savings and reduction of product costs.
Another relevant, but hidden aspect of production is dissipative uses, which absorb a large share of the economy's throughput (Moreau et al., 2017) . These uses, as is the case of anthropogenic carbon (e.g. from combustion engines) and nitrogen (e.g. from fertilisers), result in large material and energy flows being dispersed. Reducing these can be the object of targets that close material cycles.
Targets for the 10R
As a synthesis of the previous subsections, Fig. 3 summarises the main new and existing targets as proposed for each R-strategy. Fig. 4 shows the correlation among targets for different R-strategies.
Conclusion
This study has investigated both existing and new CE targets to provide a broad and systematic analysis for the consideration of scholars and decision makers. The analysis was based on a systematic review of the literature related to existing targets supplemented by the elaboration of new targets. The study has used CE strategies as a lens to look at targets in a holistic way. Ten comprehensive strategies -as summarised by the 10R framework by Potting et al. (2017) -have been scrutinized systematically in this investigation.
Targets can facilitate a transition towards a CE in several ways, for example, by reducing waste, closing production loops, using resources more efficiently, or maximising the retention of the economic value of materials and products. Most of the existing targets relate to waste management, resource conservation (mostly for R9-Recovery and R8-Recycle), or are combined with different environmental objectives (e.g. emission reduction). However, R8-R9 targets do not necessarily promote a CE because recovery and recycling activities destroy products' integrity and do not help products remain in the economy. Recycle and Recovery have limited benefits in terms of the (partial) reclamation of materials and energy recovery. Therefore, R8-R9 targets should point at minimal/physiological levels also to favour more powerful CE strategies (R0-R7). In relation to these, the study has investigated new and existing targets showing how they better address the goal of a more circular economy. Except for Repurpose (for which it is difficult to define targets), the study has illustrated how targets for Reuse, Repair, Refurbish, Remanufacture -if well devised -can effectively extend the lifespan of products. In particular this study has proposed an expanded set of brand new targets in relation to Remanufacture, Refurbish, Repair, Re-use, but also for Refuse, Rethink and Reduce. These new targets are powerful governance elements that -if applied -can increase the circularity in economic systems and accelerate the transition to a CE for each strategy.
This study has also evidenced that targets can address one or multiple R-strategies. However, targets can lead to trade-offs, synergies, or complementarities, which need to be considered for the realisation of a CE. For example, targets Recycle or Recovery can be minimised by using targets from other strategies (namely, Reuse, Repair, Refurbish, Remanufacture, Refuse, Rethink and Reduce). Instead, targets for Reduce-Rethink-Refuse can facilitate every CE strategies, while targets on design/Rethink alone can help deploying every other strategy. Not all targets can be met at the same time (e.g. Repurpose-Remanufacture-Refurbish-Repair). Nonetheless, the R-strategies together define a system in which multiple options and targets can be applied to promote CE implementation.
Future research should consider deepening the scope of studying targets, offering further theoretical and disciplinary insights, for example, investigating specific products/industries, product-categories, and business processes. Empirical cases can verify targets in more detail, or assess the necessity of their adjustments, fine-tuning, and reelaboration. Further research should also study targets in relation to the innovations required to implement CE strategies, for instance, linking targets to the current researches on policy design for product life extension, or effective and well-designed policy mix for CE. Finally, from a specific policy/decision making perspective, targets can be used to define a roadmap to implement CE successfully.
As with every transformative process, CE needs targets to guide change towards sought-after outcomes. However, target setting requires the careful application of programmatic and decision-making activities to achieve the goal of having an effective circular economy.
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